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(54) Vacuum pump support 



(57) When a vacuum pump (1) is installed over a 
vacuum system in a turned-over posture via a damper 
(2), a tension is applied upward to the vacuum pump (1 ) 
by an elastic body (38,57,58) one end of which is fixed 
to a fixed portion such as a ceiling (42), by which con- 
traction caused by the weight of the vacuum pump (1) 
and the atmospheric pressure applied when the interior 
of the damper becomes a vacuum is relaxed. Thereby, 
the decrease in vibration damping capacity of the damp- 
er caused by the compression of a rubber of the damper 



(2) can be reduced. Also, when the vacuum pump (1) is 
installed at the side of the vacuum system in a horizontal 
posture via the damper (2), a tension is applied upward 
to the vacuum pump by the elastic body (38.57,58) one 
end of which is fixed to the fixed portion such as a ceiling 
(42) to keep the horizontal posture of the vacuum pump 
(1 ). Thereby, the damper (2) is prevented from being de- 
flected by the weight of the vacuum pump, and thus high 
vibration absorbing capacity of the damper can be main- 
tained. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field ot the Invention 

[0001] The present invention relates to a vacuum 
pump for obtaining a vacuum by evacuating a gas. More 
particularly, it relates to a vacuum pump having a mech- 
anism for restraining the transmission of vibrations oc- 
curring, for example, in the vacuum pump. 

2. Description of the Related Art 

[0002] Vacuum pumps have been used in various 
fields including the industrial field and the research field. 
Various types of vacuum pumps are used according to 
their applications. As science and technology develop, 
the capacity required for these pumps has increased. 
[0003] Among these various types of vacuum pumps, 
a turbo molecular pump is often used to realize a highly 
vacuum environment. 

[0004] The turbo molecular pump is constructed so 
that a rotor rotates at a high speed in a casing (housing) 
having an inlet and an outlet. On the inner peripheral 
surface of the casing, stator blades are disposed in a 
multi-stage form, and on the other hand, the rotor is pro- 
vided with rotor blades radially in a multi-stage form. 
When the rotor rotates at a high speed, a gas is sucked 
through the inlet and discharged through the outlet by 
the action of the rotor blades and stator blades. 
[0005] For the turbo molecular pump, when the rotor 
rotates at a high speed, vibrations are produced by a 
cogging torque of a motor. Also, because the rotor is not 
balanced completely, vibrations are also produced by 
deflection. 

[0006] Therefore, in the case where the turbo molec- 
ular pump is connected to a vacuum system that must 
avoid the propagation of vibrations, such as a mirror cyl- 
inder and measurement chamber of an electron micro- 
scope, the turbo molecular pump is connected via a 
damper. The damper is made up of a cylindrical rubber 
and a bellows for holding a vacuum therein so as to ab- 
sorb vibrations produced in the turbo molecular pump. 
[0007] The cogging torque means a fluctuation in 
torque of motor caused by the rotation of the rotor. 
[0008] FIG. 6(A) is a view showing a state in which 
the turbo molecular pump is connected to the vacuum 
system (for example, a measurement chamber of an 
electron microscope) by the conventional method. 
[0009] A turbo molecular pump 101 is connected to a 
vacuum system 103 via a damper 102. The turbo mo- 
lecular pump 101 is provided in a form of being hung 
from the vacuum system 103, and vibrations propagat- 
ing from the turbo molecular pump 101 to the vacuum 
system 103 is absorbed by the damper 102. The lower 
end of the turbo molecular pump 1 01 is sometimes fixed 
to a floor. However, in order to avoid the propagation of 



vibrations via the floor, the turbo molecular pump 1 01 is 
generally used in a form of being hung in the air. 
[0010] Since the turbo molecular pump 101 is used in 
a form of being hung from the vacuum system 103 as 
described above the conventiona! mnunting posture of 
the turbo molecular pump 101 is only a vertical posture 
with respect to the vacuum system 103. 

SUMMARY OF THE INVENTION 



10 



[0011] However, in the case where it is desirable to 
connect the turbo molecular pump 101 horizontally to 
the vacuum system 103 or connect the turbo molecular 
pump 101 vertically over the vacuum system 103, such 
15 a connection has conventionally been unable to be 
made. 

[0012] FIG. 6(B) is a view showing a case where the 
turbo molecular pump 101 is connected horizontally to 
the vacuum system 103. 

20 [0013] The damper 102 is shown in cross section. 
Rubbers 104 and 105 designate portions of the same 
cylindrical rubber; the rubber 104 designates an upper 
portion, and the rubber 105 designates a lower portion. 
[0014] Similarly, bellows 107 and 108 designate por- 

25 tions of the same cylindrical bellows; the bellows 107 
designates an upper portion, and the bellows 108 des- 
ignates a lower portion. 

[001 5] As shown in FIG. 6, if the turbo molecular pump 
101 is connected in the horizontal direction, the damper 

30 102 is deflected by the weight of the turbo molecular 
pump 101 . so that the rubber 104 and the bellows 107 
are expanded, and the rubber 105 and the bellows 108 
are compressed. Specifically, when the turbo molecular 
pump 101 is installed horizontally, the rubber 105 and 

35 the bellows 108 are locally collapsed by a moment 
caused by the weight of pump. 

[0016] As a result, the spring rigidity of the rubber 105 
and the bellows 108 increases, and thus the resonance 
point of frequency characteristic of vibration transmis- 

40 sion shifts to higher frequencies, which poses a problem 
in that the vibration damping effect decreases as a 
whole. Also, in some cases, there is a possibility that 
vibrations are transmitted to the vacuum system 103 by 
the contact of an interposed object such as a detent. 

45 [0017] Also, although not shown in the figure, if the 
turbo molecular pump 101 is connected to the upper part 
of the vacuum system 103 in a state of being turned 
over, the rubber of the damper 102 is greatly collapsed 
by the weight of pump, so that the spring rigidity of rub- 

50 ber increases. As a result, there arises a problem in that 
the resonance point of frequency characteristic of vibra- 
tion transmission shifts to higher frequencies, so that the 
vibration damping effect decreases as a whole. 
[001 8] Further, if the turbo molecular pump 1 01 is op- 

55 erated regardless of the mounting posture thereof, there 
arises a problem in that the damper is contracted and 
the rubber rigidity is increased by the atmospheric pres- 
sure, so that the vibration absorbing capacity decreas- 
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es. 

[001 9] An object of the present invention is to provide 
a vacuum pump having high vibration damping capacity 
regardless of the mounting posture when the vacuum 
pump is installed in a predetermined posture. 
[0020] According to the present invention, high vibra- 
tion damping capacity can be exhibited regardless of the 
mounting postures of the vacuum pump and a damper. 
[0021] To achieve the above object, the present in- 
vention provides a vacuum pump comprising a vacuum 
pump body including a casing formed with an inlet and 
an outlet and evacuating means which is housed in the 
casing to suck a gas from a vacuum system through the 
inlet and discharge the gas through the outlet, and fur- 
ther comprising extending means for extending defor- 
mation occurring in a damper attached to the inlet due 
to the weight of the vacuum pump body when the vac- 
uum pump body is installed in a predetermined mount- 
ing posture (first aspect). 

[0022] In the first aspect, the vacuum pump can be 
configured so that the extending means is an elastic 
body ono end of which is atta<5hed to a fixed portion and 
the other end of which is attached to the vacuum pump, 
and the elastic body can be configured so as to apply a 
tension in the direction such as to restore the shape of 
the deformed damper (second aspect). 
[0023] In the second aspect, the vacuum pump can 
be configured so that the vacuum pump further compris- 
es tension adjusting means for adjusting the tension of 
the elastic body (third aspect). 

[0024] In the second aspect, the vacuum pump can 
be configured so that the predetermined mounting pos- 
ture is horizontal with respect to the vacuum system, 
and the elastic body applies an elastic force upward to 
the vacuum pump (fourth aspect). 
[0025] In the third aspect, the vacuum pump can be 
configured so that the predetermined mounting posture 
is horizontal with respect to the vacuum system, and the 
elastic body applies an elastic force upward to the vac- 
uum pump (fifth aspect). 

[0026] In the second aspect, the vacuum pump can 
be configured so that the predetermined mounting pos- 
ture is upward with respect to the vacuum system, and 
the elastic body applies an elastic force upward to the 
vacuum pump (sixth aspect). 

[0027] In the third aspect, the vacuum pump can be 
configured so that the predetermined mounting posture 
is upward with respect to the vacuum system, and the 
elastic body applies an elastic force upward to the vac- 
uum pump (seventh aspect). 

[0028] In the first aspect, the vacuum pump can be 
configured so that the vacuum pump further comprises 
contraction extending means for extending contraction 
of the damper caused by the atmospheric pressure 
when the interior of the damper is under a vacuum 
(eighth aspect). 

[0029] In the second aspect, the vacuum pump can 
be configured so that the vacuum pump further compris- 



es contraction extending means for extending contrac- 
tion of the damper caused by the atmospheric pressure 
when the interior of the damper is under a vacuum (ninth 
aspect). 

5 [0030] In the third aspect, the vacuum pump can be 
configured so that the vacuum pump further comprises 
contraction extending means for extending contraction 
of the damper caused by the atmospheric pressure 
when the interior of the damper is under a vacuum (tenth 

10 aspect) . 

[0031] In the fourth aspect, the vacuum pump can be 
configured so that the vacuum pump further comprises 
contraction extending means for extending contraction 
of the damper caused by the atmospheric pressure 
15 when the interior of the damper is under a vacuum (elev- 
enth aspect) . 

[0032] In the fifth aspect, the vacuum pump can be 
configured so that the vacuum pump further comprises 
contraction extending means for extending contraction 
of the damper caused by the atmospheric pressure 
when the interior of the damper is under a vacuum 
(twe|rt|;^spect). 

[o633j In the sixth aspect, the vacuum pump can be 
configured so that the vacuum pump further comprises 
contraction extending means for extending contraction 
of the damper caused by the atmospheric pressure 
when the interior of the damper is under a vacuum (thir- 
teenth aspect). 

[0034] In the seventh aspect, the vacuum pump can 
be configured so that the vacuum pump further compris- 
es contraction extending means for extending contrac- 
tion of the damper caused by the atmospheric pressure 
when the interior of the damper is under a vacuum (four- 
teenth aspect). 

[0035] In the third aspect, the vacuum pump can be 
configured so that the tension adjusting means adjusts 
the tension of the elastic body so that the tension is 
equal to the weight of the vacuum pump (fifteenth 
aspect) . 

[0036] In the second aspect, the vacuum pump can 
be configured so that the elastic body is formed by at 
least a spring or a rubber (sixteenth aspect). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] 

FIG. 1 is a view showing a construction of a turbo 
molecular pump and a damper; 
FIG. 2(A) is a graph showing the relationship be- 
tween collapse amount and restoring force of a rub- 
ber, which is a vibration absorbing member of a 
damper, and FIG. 2(B) is a graph showing the rela- 
tionship between vibration transmissibility and vi- 
bration frequency of a rubber; 
FIG. 3 is a view showing a state in which a turbo 
molecular pump is connected to a vacuum system 
in a state of being turned over; 
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FIG. 4 is views of various types of tension adjusting 
means; 

FIG. 5(A) is a view showing a case where a turbo 
molecular pump is connected horizontally to a vac- 
uum system, and FIG. 5(B) is a view showing a 
modification of a case where a turbo molecular 
pump is connected horizontally to a vacuum sys- 
tem; and 

FIG. 6(A) is a view showing a state in which a turbo 
molecular pump is connected to a vacuum system 
by a conventional method, and FIG. 6(B) is a view 
showing a state in which a turbo molecular pump is 
connected horizontally to a vacuum system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1 . First Embodiment 

[0038] A preferred first embodiment of the present in- 
vention will be described in detail with reference to 
FIGS. 1 to 4. In this embodiment, description is given 
using a turbo molecular pump as one example of a vac- 
uum pump. 

[0039] FIG. 1 is a view showing a construction of a 
turbo molecular pump and a damper. FIG. 1 shows a 
cross section in the rotor shaft direction of the turbo mo- 
lecular pump; however, for the sake of simplification of 
figure, for example, a line seen on the sheet back side 
of an inlet 18 is omitted. 

[0040] FIG. 1 shows a state in which a turbo molecular 
pump 1 is connected to an outlet tube 3 of a vacuum 
system via a damper 2. 

[0041] The following is a description of a schematic 
construction of the turbo molecular pump 1 . 
[0042] A magnetic bearing 12 magnetically levitates 
a portion on the inlet side of a rotor shaft 5 in the radial 
direction (in the radial direction of shaft) and holds it by 
means of a magnetic force of an electromagnet. 
[0043] The magnetic bearing 1 2 is composed of a plu- 
rality of (for example, four) electromagnets arranged so 
as to face the periphery of the rotor shaft 5. These elec- 
tromagnets attract the rotor shaft 5 by means of a mag- 
netic force, and the rotor shaft 5 is magnetically levitated 
in the radial direction and held by the balance of these 
attracting forces. 

[0044] In the vicinity of the magnetic bearing 1 2, a dis- 
placement sensor, not shown, is provided to detect the 
radial displacement of the rotor shaft 5 in a non-contact 
manner. A not illustrated controller for the magnetic 
bearing 12 carries out feedback control of magnetic 
force of each of the electromagnets by using the dis- 
placement detected by the displacement sensor. 
[0045] A magnetic bearing 14 magnetically levitates 
a portion on the outlet side of a rotor shaft 5 in the radial 
direction (in the radial direction of shaft) and holds it. 
The construction and operation of the magnetic bearing 
14 are the same as those of the magnetic bearing 12. 



[0046] A magnetic bearing 15 magnetically levitates 
the rotor shaft 5 in the thrust direction (axial direction) 
and holds it by means of a magnetic force of an electro- 
magnet. 

c rnn/i-71 Iri tho monnotir^ hoarinn 1 a mfital disk 16 

^ l^w-ri J !«• ^ --' - 

formed of a material having high magnetic permeability 
such as iron is fixed on the rotor shaft 5 so as to be per- 
pendicular to the rotor shaft 5. Above and below the met- 
al disk 16, electromagnets are arranged with a prede- 

10 termined clearance being provided. 

[0048] The electromagnets arranged above and be- 
low the metal disk 1 6 attract the metal disk 1 6 by means 
of the magnetic force, and the rotor shaft 5 is magneti- 
cally levitated in the thrust direction and held by the bal- 

15 ance of these attracting forces. 

[0049] At the lower end of the rotor shaft 5 is provided 
a displacement sensor, not shown, to detect a displace- 
ment in the thrust direction of the rotor shaft 5 in a non- 
contact manner. A not illustrated controller for the mag- 

20 netic bearing 1 5 carries out feedback control of magnet- 
ic force of each of the electromagnets arranged above 
and below the metal disk 16 by using the displacement 
detected by the displacement sensor. 
[0050] By the above-described magnetic bearings 1 2, 

25 14 and 15. the rotor shaft 5 is magnetically levitated in 
the radial and thrust directions, and is pivotally support- 
ed so as to be rotatable around the axis thereof. 
[0051] A motor portion 13, which is formed in a sub- 
stantially central portion in the axial direction of the rotor 

30 shaft 5, produces a torque for rotating the magnetically 
levitated rotor shaft 5 at a high speed. 
[0052] .In this embodiment, as one example, the motor 
portion 13 is a DC brushless motor. 
[0053] The motor portion 13 is made up of two per- 

35 manent magnets fixed to the rotor shaft 5 and a plurality 
of electromagnets fixed to a casing 10 with a predeter- 
mined clearance being provided around the permanent 
magnets. 

[0054] The two permanent magnets on the rotor shaft 

40 5 are fixed with the magnetic poles being shifted so that 
an N pole and an S pole appear around the rotor shaft 
5 every 1 80 degrees. Also, for example, six electromag- 
nets are arranged around the permanent magnets so 
that the polarity and the magnitude of magnetic field can 

45 be changed by a controller for the motor portion 13. 
[0055] The not illustrated controller for the motor por- 
tion 13 generates a rotating magnetic field around the 
rotor shaft 5 by successively switching over the magnet- 
ic pole of the electromagnet. 

50 [0056] A sensor for detecting the rotation phase of the 
rotor shaft 5 in a non-contact manner is provided, for 
example, at the lower end of the rotor shaft 5. The con- 
troller for the motor portion 1 3 carries out feedback con- 
trol of the rotation of magnetic field by the rotation phase 

55 of the rotor shaft 5 detected by the sensor. 

[0057] Thereby, the permanent magnets fixed on the 
rotor shaft 5 are attracted by the rotating magnetic field, 
thereby generating a torque. As a result, the rotor shaft 
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5 rotates around the axis thereof. 
[0058] Although the motor portion 1 3 is configured by 
a brushless motor in this embodiment, the configuration 
of the motor portion 1 3 is not limited to this. The motor 
portion 1 3 may be configured by any other type of motor 5 
such as an induction motor. 

[0059] A rotor 9 is installed on the inlet side of the rotor 
shaft 5 by using a bolt or the like. At the periphery of the 
rotor 9, rotor blades 6 formed of aluminum or the like 
material are provided radially in a multi-stage form. 
[0060] At the inner periphery of the casing 10 consti- 
tuting a housing for the turbo molecular pump 1 . stator 
blades? formed of aluminum or the like material are pro- 
vided in a multi-stage form so as to be alternate with the 
rotor blades 6. The casing 10 is formed of a stainless 
steel or the like material. 

[0061 ] When the rotor blades 6 are driven by the mo- 
tor portion 13 and rotated at a high speed, a gas is 
sucked through the inlet 1 8 by the action of the rotor 
blades 6 and the stator blades 7, and is discharged 
through an outlet 19. Thus, the rotor blades 6 and the 
stator blades 7, which are rotatable at a high speed, 
forms evacuating means. 

[0062] At the upper end of the casing 1 0, a flange 20 
formed of a stainless steel or the like material is provided 
so as to be connected to the damper 2. 
[0063] The damper 2 is made up of flanges 25 and 
26, a rubber 27, and a bellows 28. 
[0064] The rubber 27, which Is formed of a rubber ma- 
terial formed into a cylindrical shape, is a member for 
absorbing vibrations produced in the turbo molecular 
pump 1. 

[0065] The both ends of the rubber 27 are connected 
to the flanges 25 and 26 by using an adhesive or the 
like. Also, the rubber 27 can be connected to the flanges 
25 and 26 by another method such that female threads 
are provided in the end portion of the rubber 27 and the 
rubber 27 is fixed to the flanges 25 and 26 by bolts or 
such that a special-purpose mounting element is used. 
[0066] The bellows 28 is a crimpy, thin-wall tube hav- 
ing a cross section of a continuous smooth chevron 
shape, and is arranged on the inside of the rubber 27 
coaxially with the rubber 27. The bellows 28 provides a 
vacuum seal in the damper 2, and also exhibits elasticity 
by the expansion and contraction of side face formed 
into a chevron shape, by which vibrations produced in 
the turbo molecular pump 1 is absorbed and damped. 
[0067] Also, the bellows 28 is fixed to the flange 25 
and the flange 26, for example, by brazing or welding, 
and these joint portions are vacuum sealed. The bellows 
28 forms a vacuum tube for connecting the turbo mo- 
lecular pump 1 to the outlet tube 3 of the vacuum sys- 
tem. 

[0068] The flange 25, which is formed of a metal such 
as a stainless steel or iron, connects the damper 2 to 
the turbo molecular pump 1 . Between the flange 25 of 
the damper 2 and the flange 20 of the turbo molecular 
pump 1 , an O-ring or a gasket, each not shown, is held. 



When the flange 25 and the flange 20 are tightened by 
bolts 30, 30, 30, ... , the flange 25 and the flange 20 are 
fixed to each other, and the O-ring comes in close con- 
tact with the flanges 25 and 20, which provides a vacu- 
um seal. 

[0069] The material and shape of the flange 26 are 
the same as those of the flange 25. The flange 26, which 
is a member for connecting the damper 2 to the outlet 
tube 3 of the vacuum system, is connected to a flange 
33 of the outlet tube 3 by bolts 31 , 31 , 31 , .... Between 
the flange 26 and the flange 33 is held an O-ring or a 
gasket, which provides a vacuum seal. 
[0070] In the damper 2 constructed as described 
above, vibrations produced in the turbo molecular pump 
1 are absorbed and damped mainly by the rubber 27, 
and the vacuum seal is secured by the bellows 28. 
[0071] The connection between the flanges 20 and 25 
and the connection between the flanges 26 and 33 may 
be made by using a clamper without the use of the bolts. 
[0072] Next, the relationship between the collapse 
amount and the change in vibration damping capacity 
of the rubber 27 will be described. 
[0073] When the turbo molecular pump 1 is installed 
horizontally as shown in FIG. 6(B) or when it is installed 
over the vacuum system In a state of being turned over, 
a part or the whole of the rubber 27 of the damper 2 is 
deflected and compressed by the weight of the turbo 
molecular pump 1. 

[0074] Also, when the turbo molecular pump 1 is op- 
erated, the interior of the damper 2 becomes a vacuum, 
so that the atmospheric pressure in the radial direction 
of the damper 2 is mainly received by the bellows 28, 
and the atmospheric pressure in the axial direction of 
the damper 2 is mainly received by the rubber 27. There- 
fore, the rubber 27 is collapses mainly in the axial direc- 
tion. 

[0075] If the rubber 27 is collapsed and compressed 
by the above causes, the restoring force of the rubber 
27 changes and hence the rigidity increases, so that the 
vibration damping capacity decreases. 
[0076] Although the decrease in vibration damping 
capacity due to the change in restoring force also occurs 
in the bellows 28, vibrations are damped mainly by the 
rubber 27, so that hereunder, the vibration damping ca- 
pacity will be described for the rubber 27. Also, the meth- 
od for restraining the decrease in vibration damping ca- 
pacity of the rubber 27 described below also has an ef- 
fect of restraining the decrease in vibration damping ca- 
pacity of the bellows 28. 

[0077] FIG. 2 (A) is a graph showing the relationship 
between collapse amount and restoring force of rubber, 
which is a raw material of the rubber 27, a vibration ab- 
sorbing member of the damper 2. 
[0078] The abscissas represent the displacement per 
unit length caused by the compression of rubber, that 
is, the collapse amount, and the ordinates represent the 
restoring force of rubber. 

[0079] As seen from FIG. 2 (A) , during the time when 
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the collapse amount is small, the restoring force of rub- 
ber is proportional to the collapse amount, that is, the 
relationship between collapse amount and restoring 
force is linear. When the collapse amount exceeds the 
linear range, the restoring force of rubber Suduerily in- 
creases non-linearly. 

[0080] The gradient of the line representing the restor- 
ing force on the graph indicates an elastic constant of 
rubber. Specifically, the elastic constant of rubber has a 
fixed value during the time when the compression is rel- 
atively small, and increases suddenly when the com- 
pression becomes large. 

[0081] The increase in elastic constant of rubber 
means the increase in rigidity thereof. By the increase 
in rigidity of rubber, the resonance point of vibration is 
shifted to the higher frequencies. In other words, rubber 
becomes hard and easy to transmit vibrations. 
[0082] FIG. 2(B) is a graph showing the relationship 
between vibration transmissibility and vibration frequen- 
cy of rubber, which is a raw material of the rubber 27. 
That is to say, this graph represents the degree of trans- 
mission of vibrations produced at one end of rubber to 
the other end thereof. 

[0083] The curve indicated by the solid line is a graph 
in the case where the rubber is not compressed, and the 
curve indicated by the dotted line is a graph in the case 
where the rubber is compressed. As seen from this fig- 
ure, when the rubber is compressed, the rigidity of rub- 
ber increases, so that the resonance point shifts from a 
resonance point 35 to a resonance point 36. That is, the 
resonance point shifts to higher frequencies. 
[0084] As an example, it is assumed that vibrations of 
a frequency of f1 [Hz] are applied to one end of rubber. 
From FIG. 2(B), when the rubber is not compressed, the 
vibrations are damped to -A2 [dB], while when the rub- 
ber is compressed, the vibrations are damped only to 
-A1 [dB]. Herein, A2 is higher than A1 . 
[0085] If the rubber is compressed in this manner, vi- 
brations become liable to be transmitted, and thus the 
vibration damping capacity decreases. 
[0086] Thus, if the turbo molecular pump 1 is installed 
to the vacuum system in a state of being turned over or 
horizontally, the rubber 27 of the damper 2 is deflected 
by the weight of the turbo molecular pump 1 , so that a 
part or the whole of the rubber 27 is compressed, which 
results in a decrease in vibration damping capacity of 
the rubber 27, Also, if the interior of the vacuum 2 be- 
comes a vacuum, the rubber 27 is further compressed 
by the atmospheric pressure. 

[0087] FIG. 3 is a view showing one example of the 
embodiment in the case where the turbo molecular 
pump 1 is connected to the vacuum system 4 in a state 
of being turned over. 

[0088] When the turbo molecular pump 1 is turned 
over, the rubber 27 of the damper 2 is deformed and 
compressed by the weight of the turbo molecular pump 
1 and the atmospheric pressure, and thus the reso- 
nance point of the rubber 27 shifts to higher frequencies, 



so that high vibration damping capacity cannot some- 
times be obtained. Therefore, the compression of the 
rubber 27 is restrained by pulling the turbo molecular 
pump 1 upward by an elastic body such as a spring 38, 

5 .^.^.uqkqKw decrease In vibration damping capacity of 
the rubber 27 is relaxed. The spring 38 forms extending 
means for extending the deformed damper. 
[0089] As described with reference to FIG. 1, the turbo 
molecular pump 1 is connected to the outlet tube 3 of 

10 the vacuum system 4 via the damper 2. 

[0090] At the bottom of the turbo molecular pump 1 
(on the top in FIG. 3 because the turbo molecular pump 
1 is turned over) , a spring attaching member 37 is pro- 
vided, and one end of the spring 38 is attached to the 

15 spring attaching member 37. The spring attaching mem- 
ber 37 is formed of, for example, an eyebolt. On the oth- 
er end of the spring 38 is attached a hook 39. 
[0091] One end portion of the hook 39 is formed 
threads, and the hook 39 is screwed in female threads 

20 formed in one end portion of a tension adjusting element 
41. 

[0092] The tension adjusting element 41 is used to ad- 
just the length of the spring 38 to adjust the tension for 
pulling the turbo molecular pump 1 by using the spring 
25 38. 

[0093] In the other end portion of the tension adjusting 
element 41 is also formed female threads, and an male 
screw 40 is screwed in a fixed portion 42 such as a ceil- 
ing, which is located over the turbo molecular pump 1 . 

30 [0094] The direction of the threads formed on the ten- 
sion adjusting element 41 is such that when the tension 
adjusting element 41 is turned in a direction 43, both of 
the hook 39 and the external screw 40 are screwed in, 
and when the tension adjusting element 41 is turned in 

35 a direction 44, both of the hook 39 and the male screw 
40 separate from the tension adjusting element 41 . 
[0095] The male screw 40 is fixed to, for example, the 
ceiling of a room in which the vacuum system 4 is in- 
stalled or a fixed portion provided to pull the turbo mo- 

40 lecular pump 1 upward. 

[0096] Therefore, the spring 38 can be extended or 
contracted according to the direction in which the ten- 
sion adjusting element 41 is turned, by which the pulling 
force of the spring 38 can be adjusted. Thus, the tension 

45 adjusting element 41 , the hook 39. and the male screw 
40 form tension adjusting means of the spring 38. 
[0097] When the vibration damping capacity is de- 
creased by a change of spring characteristic of the 
damper 2 caused by the weight of the turbo molecular 

50 pump 1 or the atmospheric pressure, by providing ten- 
sion adjusting means (for example, the hook 39, the 
male screw 40, and the tension adjusting element 41) 
for extending the damper 2, adjustment can be made so 
that the optimal spring characteristic of the damper 2 is 

55 obtained by the following procedure. 

(1) The tension of a pulling mechanism (spring 38) 
is adjusted. 
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(2) The turbo molecular pump 1 is started to check 

the vibration isolating effect. 

(3) Items (1 ) and (2) are repeated until a good result 
is obtained. 

[0098] When the turbo molecular pump 1 is not oper- 
ated and the interior of the damper 2 is under the atmos- 
pheric pressure or under a pressure close to the atmos- 
pheric pressure, the damper 2 is contracted mainly by 
the weight of the turbo molecular pump 1 , and compres- 
sion due to the atmospheric pressure is not effected. If 
a high tension caused by the spring 38 acts on the 
damper in such a case, an excessive load is sometimes 
given to the damper 2. 

[0099] In order for the spring 38 to give a high tension 
when the interior of the damper 2 is under a vacuum and 
the damper 2 is contracted by the atmospheric pressure, 
and for the spring 38 not to give a high tension when the 
interior of the damper 2 is under the atmospheric pres- 
sure or under a pressure close to the atmospheric pres- 
sure and the damper 2 Is not contracted, it is necessary 
only that the spring* Mse a large elastic constant 
(spring constant) so that the tension of the spring 38 at 
the time when the damper 2 is contracted by the atmos- 
pheric pressure is approximately equal to the weight of 
the turbo molecular pump 1 . 

[01 00] If the spring 38 is set as described above, when 
the turbo molecular pump 1 is not operated and the in- 
terior of the damper 2 is under the atmospheric pressure 
or under a pressure close to the atmospheric pressure, 
the application of the weight of the turbo molecular pump 

1 to the damper 2 is prevented, and when the turbo mo- 
lecular pump 1 is operated and the interior of the damper 

2 is under a vacuum so that the damper 2 Is contracted, 
a high tension can be given relative to small contraction 
of the damper 2. 

[0101] FIG, 4 is views of various examples of tension 
adjusting means. 

[0102] FIG. 4(A) shows an example in which the 
length of the spring 38 is changed by the hooked posi- 
tion of a chain. A lower portion under the spring 38, in- 
cluding the turbo molecular pump 1 , is not shown in the 
figure. 

[01 03] The fixed portion 42 is provided with a hook 45. 
On the other hand, at the upper end of the spring 38 Is 
provided a chain 46. By hooking an appropriate position 
of the chain 46 to the hook 45, the spring 38 can be 
pulled upward. 

[0104] By changing the chain position hooked to the 
hook 45, the length of the spring 38 is changed, whereby 
the tension of the spring 38 can be adjusted. 
[0105] FIG. 4 (B) shows an example In which the 
spring 38 is connected to the hook 45 by using a metal 
element 48. Elliptical metal elements 48 having various 
lengths are prepared. By connecting the spring 38 to the 
hook 45 by using the metal element 48 having a different 
length, the length of the spring 38 can be changed. 
[0106] The upper end portion of the spring 38 is 



formed into a hook shape, so that the upper end portion 
can be hooked to one end of the elliptical metal element 
48. Fu rther, by hooking the other end portion of the metal 
element 48 to the hook 45, a tension can be given to the 
5 spring 38. 

[01 07] As described above, in this example, by adjust- 
ing the length of the spring 38 by replacing the metal 
element 48 with one having a different length in the lon- 
gitudinal direction of the elliptical shape, the metal ele- 
ment 48 which achieves the greatest vibration isolating 
effect of the damper 2 can be determined. 
[0108] FIG. 4 (C) shows an example in which the 
spring 38 is pulled by a winding machine 51 via a pulley 
50 to change the length of the spring 38. 
[0109] The pulley 50 is installed to the fixed portion 
42. 

[01 10] The upper end of the spring 38 Is attached to 
a wire rope 52. The wire rope 52 is wound around the 
winding machine 51 via the pulley 50. 
[0111] The winding machine 51 is installed to a fixed 
portion such as a wall of a room in which the turbo mo- 
lecular pupp 1 Is installed. The winding machine 51 Is 
provided with a clamp, not shown, so that the user can 
wind up the wire rope 52 by using this clamp. Also, the 
winding machine 51 is provided with a detent for pre- 
venting reverse rotation. By releasing this detent, the 
wire rope 52 can be let loose. 

[0112] The user can adjust the tension of the spring 
38 by adjusting the winding amount of the wire rope 52. 
[01 1 3] The turbo molecular pump 1 , which Is arranged 
in a state of turned over as shown In FIG. 3, the damper 
2, the spring 38, etc. operate as described below. 
[0114] When the turbo molecular pump 1 is stopped, 
since the tension of the spring 38 is set so that the down- 
ward force caused by the weight of the turbo molecular 
pump 1 Is approximately equal to the upward force 
caused by the tension of the spring 38, no great force 
acts on the damper 2. 

[0115] When the turbo molecular pump 1 is started, 
the rotor shaft 5 Is magnetically levitated by the magnet- 
ic bearings 1 2, 1 4 and 15. After the rotor shaft 5 is mag- 
netically levitated, the motor portion 13 is operated, so 
that the rotor shaft 5 starts to rotate at a high speed to- 
gether with the rotor 9. When the rotor 9 rotates at a high 
speed, the gas in the vacuum system 4 is sucked 
through the inlet 18 by the action of the rotor blades 6 
and the stator blades 7, and discharged through the out- 
let 19. 

[0116] Also, as the rotor shaft 5, the rotor 9, and the 
rotor blades 6 rotate, vibrations occurs in the turbo mo- 
lecular pump 1 . 

[01 1 7] The vibrations occurring in the turbo molecular 
pump 1 are absorbed by the rubber 27 and the bellows 
28 of the damper 2 and the spring 38. 
[0118] As the vacuum in the vacuum system 4 in- 
creases, the atmospheric pressure Is applied to the 
damper 2. so that the damper 2 is contracted toward the 
lower side of figure. Accordingly, the spring 38 extends 
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and gives a tension to the damper 2. The length of the 
damper 2 becomes a length such that the downward 
force caused by the weight of the turbo molecular pump 
1 and the upward force caused by the spring 38 are bal- 
anced. 

[01 19] The contraction of the damper 2 is reduced by 
the tension of the spring 38. As a result, high vibration 
damping capacity of the damper 2 can be maintained. 
[01 20] Also, the user can set the tension of the spring 
38 at the optimal value, at which the highest vibration 
damping capacity of the damper 2 can be obtained, by 
adjusting the length of the spring 38 by turning the ten- 
sion adjusting element 41 . 

[0121] The above-described embodiment can 

achieve the effects as described below. 

[0122] The turbo molecular pump 1 can be installed 

over the vacuum system 4 in a state of being turned 

over. 

[0123] Since the compression of the rubber 27 of the 
damper 2 caused by the atmospheric pressure and the 
weight of the turbo molecular pump 1 can be relaxed by 
the tension of the spring 3, the decrease in vibration 
damping capacity of the damper 2 can be reduced. 
[0124] The pulling mechanism can have a construc- 
tion for adjusting the pulling force. The pulling force can 
be adjusted by changing the length of the member (rub- 
ber, spring, etc.) used for the pulling mechanism. Con- 
cretely, the tension is set at the optimal value by adjust- 
ing the length of the spring 38 by the use of the tension 
adjusting element 41 . 

[0125] The pulling mechanism for pulling the turbo 
molecular pump 1 upward is simple in construction and 
low in cost. 

[0126] Although the turbo molecular pump 1 is pulled 
upward by using the spring 38 in this embodiment, the 
pulling mechanism is not limited to this, and another 
elastic body such as rubber may be used. 
[01 27] Also, the tension adjusting means for adjusting 
the pulling force of the spring 38 is not limited to the 
means shown in FIGS. 3 and 4, and another method 
may be used to adjust the pulling force. For example, 
the optimal spring 38 can be determined by using the 
springs 38 having various lengths or by using the 
springs having various spring constants. 

2. Second Embodiment 

[0128] Next, a second embodiment will be described 
with reference to FIG. 5. The turbo molecular pump 1, 
the damper 2, the outlet tube 3, and the vacuum system 
4 used in the second embodiment are the same as those 
used in the first embodiment. Description is given by ap- 
plying the same reference numerals to the elements cor- 
responding to those in the first embodiment, 
[0129] FIG. 5(A) is a view showing a state in which 
the turbo molecular pump 1 is connected horizontally to 
the vacuum system 4. 

[01 30] The outlet tube 3 is formed horizontally with re- 



spect to the vacuum system 4. The damper 2 is con- 
nected horizontally to the outlet tube 3, and further the 
turbo molecular pump 1 is connected horizontally to the 
damper 2. 

the turbo molecular pump 1 is provided with the springs 
38, 38. Although not shown in the figure, the end portion 
of the spring 38, 38 is formed into a hook shape, and is 
installed to a hook formed on the fixed portion 42. 

10 [0132] When the centerline of the turbo molecular 
pump 1 is located on the sheet of figure, the mounting 
positions of the springs 38. 38 are on the surface side 
and the back surface side of the sheet. Therefore, even 
if a force in the direction perpendicular to the sheet is 

15 applied to the turbo molecular pump 1 , movement in the 
direction perpendicular to the sheet of the turbo molec- 
ular pump 1 can be restrained, by which deflection in 
the direction perpendicular to the sheet of the turbo mo- 
lecular pump 1 can be restrained. 

20 [0133] At the lower ends of the springs 38, 38 is in- 
stalled a rubber 55 via an attaching element, not shown. 
One end of the rubber 55 is attached to one of the 
springs 38, 38, and the other end of the rubber 55 is 
attached to the other of the springs 38, 38. 

25 [01 34] Therefore, the rubber 55 has a shape such that 
the center thereof hangs down in an arcuate shape, and 
the lower end of the outer peripheral portion of the cas- 
ing 10 of the turbo molecular pump 1 is installed to this 
arcuate portion. 

30 [0135] The lowest end portion of the arcuate portion 
of the rubber 55 and the casing 1 0 are fixed to each other 
by an attaching element 56. 

[0136] The lengths of the springs 38, 38 and the rub- 
ber 55 are set at values such that the turbo molecular 

35 pump 1 is horizontal. 

[01 37] The turbo molecular pump 1 tends to lower as 
shown in FIG. 6(B) by meansof the weight thereof. How- 
ever, since the springs 38, 38 and the rubber 55 hang 
the turbo molecular pump 1 upward, the damper 2 can 

40 be prevented from being deflected downward and de- 
formed by the weight of the turbo molecular pump 1 . 
[0138] Thereby, the turbo molecular pump 1 can be 
installed to the vacuum system 4 in the horizontal pos- 
ture while the decrease in vibration damping capacity of 

45 the damper 2 is reduced. 

[0139] The elastic constant of the rubber 55 is set so 
as to be larger than the elastic constant of the springs 
38, 38, and thus the vibrations of the turbo molecular 
pump 1 is absorbed mainly by the springs 38, 38 and 

50 the damper 2. 

[0140] In the case of FIG. 6(A), when the damper 2 is 
subjected to the atmospheric pressure and is contract- 
ed, the contracting force acts in the horizontal direction, 
and contrarily the direction of tension of the spring 38, 

55 38 is the upward direction, so that the contracting force 
of the damper 2 scarcely acts on the springs 38, 38. In 
this example, therefore, the springs 38, 38 absorb the 
force of turbo molecular pump 1 lowering under gravity 
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and the vibrations produced in the turbo molecular pump 
1 , but do not extend the compression of damper due to 
the atmospheric pressure. 

[0141] The second embodiment configured as de- 
scribed above operates as described below. 5 
[0142] When the turbo molecular pump 1 is stopped, 
the turbo molecular pump 1 that tends to lower by means 
of the weight thereof is hung upward by the springs 38, 
38, so that the turbo molecular pump 1 is held in the 
horizontal mounting posture. 

[0143] When the turbo molecular pump 1 is operated, 
the turbo molecular pump 1 carries out evacuation of 
the vacuum system 4. Since the turbo molecular pump 
1 Is kept in the horizontal posture by the springs 38, 38, 
the lower part of the rubber 27 of the damper 2 is not 
locally compressed as shown in FIG. 6(B). and high vi- 
bration damping capacity can be exhibited. 
[0144] In the turbo molecular pump 1, vibrations are 
produced by the rotation of the rotor shaft 5 and the rotor 
blades 9. However, these vibrations are absorbed by the 
damper 2 and the springs 38, 38. Therefore, the vibra- 
tions propagating from the turbo molecular pump 1 to 
the vacuum system 4 are restrained effectively. 
[0145] The above-described embodiment can 
achieve the effects described below. 
[0146] The turbo molecular pump 1 can be installed 
horizontally to the vacuum system 4. 
[0147] Since the turbo molecular pump 1 is not low- 
ered by its weight, the lower part of the rubber 27 of the 
damper 2 is not collapsed locally, so that the damper 2 
can exhibit high vibration damping capacity. 
[01 48] The vibrations produced in the turbo molecular 
pump 1 can be absorbed by not only the damper 2 but 
also the springs 38, 38 and the rubber 55. 
[0149] Since the turbo molecular pump 1 is hung by 
the two springs 38, 38 extending from different direc- 
tions to the turbo molecular pump 1, the movement of 
the turbo molecular pump 1 in the direction perpendic- 
ular to the sheet of FIG. 5(A) can be restrained. 
[0150] FIG. 5(B) is a view for illustrating a modification 
of the second embodiment. 

[0151] In this modification, the turbo molecular pump 
1 is hung vertically, and also an extending force is ap- 
plied to the damper 2. 

[0152] The casing 10 of the turbo molecular pump 1 
is formed with a spring attaching member 61 . One end 
of a spring 57 is fixed to the fixed portion 42. The other 
end of the spring 57 is attached to the spring attaching 
member 61, whereby the turbo molecular pump 1 is 
raised upward, 

[01 53] More concretely, although not shown in the fig- 
ure, a hook is provided on the fixed portion 42, and on 
the other hand, at both ends of the spring 57, hooks are 
also provided. The spring attaching member 61 is, for 
example, an eyebolt. By hooking the hooks at both ends 
of the spring 57 to the hook provided on the fixed portion 
42 and the eyebolt, the turbo molecular pump 1 is hung 
from the fixed portion 42. 



[0154] At the bottom of the turbo molecular pump 1 , 

a spring attaching member 62 formed by, for example, 
an eyebolt is provided. To the spring attaching member 
62 is attached a hook at one end of a spring 58. The 
other end of the spring 58 is also formed into a hook 
shape, and is attached to a hook 39. 
[01 55] The other end portion of the hook 39 is formed 
with male threads, and is screwed in female threads 
formed in the tension adjusting element 41 . At the other 
end of the tension adjusting element 41 is formed female 
threads, in which a male screw 59 is screwed, one end 
of the male screw 59 being fixed to a fixed object 60 
such as a wall. 

[0156] As in the case of the first embodiment, the 

length of the spring 58 is adjusted by turning the tension 
adjusting element 41 , by which the tension of the spring 
58 can be adjusted. 

[0157] While actually the turbo molecular pump 1 is 
operated and the produced vibrations are observed, the 
tension of the spring 58 can be set at a value such that 
the vibrations are at the minimum by using the tension 
adjusting element 41 . 

[0158] When the turbo molecular pump 1 is not oper- 
ated and the interior of the damper 2 is under the atmos- 
pheric pressure or under a pressure close to the atmos- 
pheric pressure, the damper 2 is not compressed by the 
surrounding atmospheric pressure. In such a case, if a 
great tension due to the spring 58 acts on the damper 
2, an excessive load is sometimes given to the damper 
2. 

[0159] Thus, in order that the spring 58 gives a great 
tension when the interior of the damper 2 is under a vac- 
uum and is contracted by the atmospheric pressure, and 
that the spring 58 does not give a great tension when 
the interior of the damper 2 Is under the atmospheric 
pressure or under a pressure close to the atmospheric 
pressure and is not contracted, it is necessary only that 
the elastic constant (spring constant) of the spring 58 
be increased so that the length of the spring 58 at the 
time when the damper 2 is not contracted is approxi- 
mately a natural length. The natural length means a 
length of spring at the time when no load is applied to 
the spring. 

[0160] If the spring 58 is set in this manner, when the 
turbo molecular pump 1 is not operated and the interior 
of the damper 2 is under the atmospheric pressure or 
under a pressure close to the atmospheric pressure, the 
tension of the spring 58 is low, and when the turbo mo- 
lecular pump 1 is operated and the interior of the damper 
2 is under a vacuum, a great tension can be exhibited 
relative to small contraction of the damper 2. 
[0161] The modification configured as described 
above operates as described below. 
[0162] When the turbo molecular pump 1 is not oper- 
ated and the damper 2 is not contracted by the atmos- 
pheric pressure, the tension of the spring 57 acts over 
the turbo molecular pump 1 to keep the turbo molecular 
pump 1 in the horizontal posture, so that the turbo mo- 
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lecular pump side of the damper 2 is not deflected down- 
ward. Also, since the spring 58 has a length close to the 
natural length, the tension of the spring 58 acting on the 
right-hand side in the figure of the damper 2 does not 
become excessive. 

[01 63] When the turbo molecular pump 1 is operated, 
the rotor shaft 5 is driven by the motor portion 1 3 and is 
rotated at a high speed. Accordingly, the rotor 9 and the 
rotor blades 6 are rotated, and the gas in the vacuum 
system 4 Is evacuated by the action of the rotor blades 
6 and the stator blades 7, so that the interior of the damp- 
er 2 becomes a vacuum. Also, the turbo molecular pump 
1 produces vibrations by vibrations caused by high- 
speed rotation of the body of rotation such as the rotor 
9 and the rotor blades and vibrations occurring in the 
motor portion 13. 

[0164] Also, when the interior of the damper 2 be- 
comes a vacuum, a contracting force acts on the damp- 
er 2 due to the atmospheric pressure. The contraction 
of the damper 2 due to the atmospheric pressure is re- 
laxed by the tension of the spring 58. Also, since the 
turbo molecular pump 1 is kept in the horizontal posture 
by the tension of the spring 57, the damper 2 is not de- 
flected by the weight of the turbo molecular pump 1 . 
[0165] Thus, the local contraction of the rubber 27 of 
the damper 2 caused by the weight of the turbo molec- 
ular pump 1 and the horizontal contraction thereof 
caused by the atmospheric pressure are relaxed, so that 
the damper 2 can exhibit high vibration damping capac- 
ity. 

[01 66] Therefore, the vibrations produced in the turbo 
molecular pump 1 are absorbed by the damper 2, and 
thus the vibrations propagated from the turbo molecular 
pump 1 to the vacuum system 4 are damped. 
[0167] This modification can achieve the effects de- 
scribed below. 

[0168] By giving a tension to the turbo molecular 
pump 1 in the direction such that the damper 2 is ex- 
tended, the compression of the damper 2 caused by the 
atmospheric pressure can be relaxed. Therefore, the 
decrease in vibration damping capacity caused by the 
increase in rigidity of the damper 2 can be relaxed. 
[0169] The tension of the spring 58 can be set at an 
optimal value by the tension adjusting element 41 . 
[0170] Although the turbo molecular pump 1 is raised 
upward by one spring 57 in this modification, the turbo 
molecular pump 1 may be raised by using the two 
springs 38, 38 as in the case of the second embodiment. 
[0171] Also, in place of the springs 57 and 58, another 
elastic bodies such as rubbers may be used. 
[0172] As described above, in the first embodiment, 
the second embodiment, and the modification of the 
second embodiment, the turbo molecular pump has a 
structure for supporting the pump weight in at least one 
direction that is different from the direction in which the 
pipe on the measurement chamber side is provided, and 
this structure has means for adjusting the tension (ad- 
justment is made by changing the length by, for exam- 
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pie, the force of rubber or spring) . Therefore, even if the 
turbo molecular pump is installed horizontally or in a 
state of being turned over, the damping effect can be 
maintained. 
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ular pump is not limited to the horizontal posture or the 
turned-over posture. For example, the turbo molecular 
pump can be held in a posture of any direction such as 
the slant upward direction or the slant downward direc- 
10 tion. 

[0174] Although the turbo molecular pump has been 
used as one example of a vacuum pump in the first em- 
bodiment, the second embodiment, and the modifica- 
tion of the second embodiment, the pump type is not 
15 limited to this. For example, another molecular pump 
such as a helical groove pump or a mechanical vacuum 
pump such as a rotary pump in which vibrations are ab- 
sorbed by a damper may be used. 

20 

Claims 

1. A vacuum pump comprising a vacuum pump body 
including: 

25 

a casing formed with an inlet and an outlet; and 
evacuating means which is housed in said cas- 
ing to suck a gas from a vacuum system 
through said inlet and discharge the gas 

30 through said outlet, 

and further comprising extending means for ex- 
tending deformation occurring in a damper at- 
tached to said inlet due to the weight of said 
vacuum pump body when said vacuum pump 

35 body is installed in a predetermined mounting 

posture. 

2. The vacuum pump according to claim 1, wherein 
said extending means is an elastic body one end of 

40 which is attached to a fixed portion and the other 
end of which is attached to said vacuum pump, and 
said elastic body applies a tension in the direction 
such as to restore the shape of the deformed damp- 
er. 

45 

3. The vacuum pump according to claim 2, wherein 
said vacuum pump further comprises tension ad- 
justing means for adjusting the tension of said elas- 
tic body. 

50 

4. The vacuum pump according to claim 2 or claim 3, 
wherein said predetermined mounting posture is 
horizontal with respect to said vacuum system, and 
said elastic body applies an elastic force upward to 

55 said vacuum pump. 

5. The vacuum pump according to claim 2 or claim 3, 
wherein said predetermined mounting posture is 
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upward with respect to said vacuum system, and 
said elastic body applies an elastic force upward to 
said vacuum pump. 

The vacuum pump according to any one of claims 5 

1 to 5, wherein said vacuum pump further compris- 
es contraction extending means for extending con- 
traction of said damper caused by the atmospheric 
pressure when the interior of said damper is under 

a vacuum. io 

The vacuum pump according to claim 3, wherein 
said tension adjusting means adjusts the tension of 
said elastic body so that said tension is equal to the 
weight of said vacuum pump. is 

The vacuum pump according to any one of claims 

2 to 7, wherein said elastic body Is formed by at least 
a spring or a rubber. 
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